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New evidence from recent field and seismic investigations in the Lake Michigan basin and in the type areas of the Valders, Two Creeks and Two Rivers deposits necessitates revision of late-glacial ice-front positions, rock-and time-stratigraphic nomenclature and climatic interpretations and deglaciation patterns for the period ca. 14,000-7,000 radiocarbon years B.P. The previously reported and long accepted pattern of deglaciation for the Lake Michigan basin started with a regular retreat from the Lake Border Morainic System, with a minor oscillation marked by the Port Huron moraine(s) and then an extensive Twocreekan deglaciation followed by a major (320 km) postTwocreekan advance (Valders). However, we now record a major retreat between the times of the Lake Border and Port Huron moraines, followed by a gradual retreat from the Port Huron limit and interrupted by a minor standstill (deposition of Manitowoc Till), a retreat (Twocreekan) and a readvance (Two Rivers Till) . No Woodfordian or younger readvance was as extensive as had been the-preceding one. This sequence argues for a normal, climatically controlled, progressive deglaciation rather than one interrupted by a major post-Twocreekan (formerly Valderan) surge. This revision appears finally to harmonize the geologic evidence and the palynological record for the Great Lakes region.
Our investigations show that Valders Till from which the Valderan Substage was named is late-Woodfordian in age. We propose the term "Greatlakean" as a replacement for the now misleading time-stratigraphic term "Valderan."
The type section and the definition of the upper and lower boundaries of the Greatlakean Substage remain the same as those originally proposed for the Valderan Substage but the name is changed.
INTRODUCTION
Since the classic investigations of Chamberlin (1878), Leverett (1899; Leverett and Taylor, 1915) , Alden (1918) , and Leighton (1957 Leighton ( , 1933 , the Great Lakes region has been the "type area" for the stratigraphic, subdivisions of the late-glacial period of North America. Repeated attempts at regional (e.g., Dreimanis and Goldthwait, 1973; Zumberge, 1960; Wright, 1971b; Richmond,. 1965; Lemke et al., 1965; Frye and Leonard, 1965) and intercontinental (e.g., Dreimanis and Karrow, 1972; Broecker and Farrand, 1963; Mijmer, 1970; Dansgaard et al., 1971; Richmond, 411 Copyright 0 1976 by the University of Washington All rights of reproduction in any form reserved.
EVENSON ET AL. 1965) correlation have been presented and will continue to appear; therefore, stratigraphic and nomenclatural revisions in this key area have widespread impact. Recent investigations in the Lake Michigan basin and adjacent areas provide new data which necessitate .revision of late-glacial ice-front, positions, rock-and time-stratigraphic nomenclature, and climatic interpretations for the period ca. 14,000-7,000 B.P. In addition, we question the need for the concept of glacial surging in the Lake Michigan basin and perhaps resolve some problems long associated with interpretation of the palynological record for this period of time (Wright, 1971a; Cushing, 1967; Wright et aZ., 1963; Saamisto, 1974) .
Recent geomorphic and stratigraphic studies by the authors (Evenson, 1973a, 197313, Evenson and Mickelson, 1974; Mickelson and Evenson 1975; Farrand 1970) and seismic investigations by the Illinois State. Geological Survey (Lineback et al., 1974) have demonstrated that the age and stratigraphic relations of the red tills and lacustrine deposits in the Lake. Michigan basin are considerably more complex than previously assumed (Bretz, 1951; Thwaites and Bertrand, 1957) . Until the present series of studies by the authors and Linebacket al. (1974) all red tills in the area were considered, by most authors, to be age equivalent ("Valderan") , that is, younger. than the Two Creeks forest bed, although certain early workers (e.g., Alden, 1918) . had recognized some pre-Twocreekan red tills. Evenson (1973a,b) and others (Lineback et al., 1974; Farrand, 1970; Farrand et al., 1969) (pre-Twocreekan) deposits south of the Two Rivers limit (Fig. 1) . The Illinois Survey names and describes two late-Woodfordian red tills on the floor of the Lake Michigan basin and suggests correlations with units above lake level. The Shorewood Till is correlated with the red till "found along the lake shore at Milwaukee and Muskegon."
The Manitowoc Till is correlated with "the till that underlies the Two Creeks forest bed." We have not yet attempted to separate the equivalents of the Manitowoc and Shorewood Tills on land, although we suspect it may be possible. In Wisconsin, we currently use the term "Valders Till" for the red till at the Valders type locality and informally apply the terms "Manitowoc till" and "Shorewood till" as discussed in the section on late-Woodfordian deposits. In Michigan no formal rock-stratigraphic terms are applied, the red tills south of the Two Rivers limit being informally called "Port Huron till."
Possibly the Manitowoc and Shorewood Tills of the Lake Michigan basin are equivalent to the .tills of the inner and outer Port Huron moraines of Michigan as defined by Leverett and Taylor (1915) ; see also Farrand and Eschman (1974) eluded to make the diagram more useful on a regional basis. Numerous changes in ice-front positions and nomenclature are presented in this diagram which differs significantly from previous diagrams for this area and period of time (Frye et aZ., 1960 (Frye et aZ., ,1965 (Frye et aZ., , 1973 . Among the most important changes shown are: (1) a significant glacial retreat (400 km) during the CaryPort Huron interstade, (2) a threefold subdivision of the red drift in the Lake Michigan basin showing two Woodfordian drifts and one post-Twocreekan (Greatlakean) drift, (3) a much smaller deglaciation during the Twocreekan than previously assumed, (4) a reduction by nearly 175 km of the post-Twocreekan advance, the advance which covered the forest bed, and (5) The drift deposited during this advance is mapped in the Lake Michigan basin as the "Shorewood.Till
Member of the Wedron Formation"
by Lineback et al. (1974) and is assigned a late-Woodfordian age. The Shorewood Till Member is a pink to red clayey till that forms a prominent terminal moraine on the lake floor. This subaqueous moraine appears to correlate with the outer Port Huron (or Whitehall) moraine along the lake shore at Muskegon (Farrand and Eschman, 1974 ) and with the red till limit (Valders till of Bretz, 1951) occurring as far south as Milwaukee, Wisconsin ( Fig. 1 ). This latter red till is equivalent to the Shorewood Till Member near Milwaukee, but its correlation with Shorewood, Manitowoc, or Valders tills is problematical north of the point where the Manitowoc Till Member passes on land from the lake bottom (Fig. 1) . The term "Valders Till" is omitted from Fig. 1 because of this uncertainty in its correlation.
The authors currently reserve the name "Valders Till" for the red till at the Valders type locality in Wisconsin and consider the deposit to be pre-Twocreekan (Mickelson and Evenson, 1975 (1974) , but may be artifacts of small sample size or may reflect upglacier shifts in the source area rather than retreat and readvance. The southern limit of the Manitowoc Till Member is not marked.by an end moraine; this may argue for .simple retreat and a relatively short occupation of this ice border.
Retreat from the Manitowoc limit occurred prior to the drop from the Glenwood stage of Glacial Lake Chicago, as Glenwood shoreline features are developed on red tills north of its logical landward extension (Evenson, 1973 the Shorewood Till Member in the Lake Michigan basin. Likewise, the inner Port Huron advance is correlated with the advance which deposited the Manitowoc Till Member (Fig.  2) . However, along the west coast of southern Michigan we have not yet been able to identify a specific outer-inner Port Huron limit among the highly segmented morainic hills of that. area.
As the ice retreated from the Manitowoc Till limit, Glacial Lake Chicago (Glenwood stage) expanded northward and lacustrine features developed on red till along the lake .margin.
.Evenson (1973) traced these features continuously to a point immediately north of Manistee, Michigan, and immediately south of Two Rivers, Wisconsin.
In the Twin Rivers lowland of Wisconsin, a large lacustrine-deltaic complex, identified as "Lake Shoto" by Thwaites and Bertrand (1957) , has now been recognized by Evenson (1973) and Mickelson and Evenson (1975) to be graded to the Glenwood Lake Chicago.
Its presence restricts the later Two Rivers advance to a point north or east of this locality and precludes the possibility of post-Twocre,ekan .glaciation by the Lake Michigan lobe at the Valders type-locality. At Manistee, Michigan, a pitted outwash plain graded to the Glenwood level documents a high lake stand until the ice had retreated at least this far north. As all of the Glenwood stage is preTwocreekan (Eschman and Farrand, 1970) , the red tills beneath and south of this limit must also be pre-Twocreekan.
TWOCREEKAN DEGLACIATION Continued retreat of the Woodfordian ice eventually uncovered a low eastwarddraining outlet for Glacial Lake Chicago, and the water level in the Lake Michigan basin fell to the Two Creeks low-water stage.
At this time the Two Creeks forest bed developed a few miles north of the city of Two Rivers, Wisconsin. The age (11,850 f 100 B.P.) and stratigraphy of the forest bed are described elsewhere by Broecker and Farrand (1963) , Black (1970) , and Evenson (1973) and will not be discussed in detail here; we wish only to comment on evidence bearing on the extent of deglaciation during Twocreekan time. Farrand et al. (1974; 1969 ) present evidence which argues for less retreat during Twocreekan time than previously assumed.
Some earlier interpretations have suggested a considerable retreat of the ice-front well into the Lake Superior basin (Hough, 1963) , whereas others indicated a minimal retreat, just sufficient to open the Straits of Mackinac (Prest, 1970) . (Evenson, 1973a (Evenson, , 1973b Evenson and Mickelson, 1974; Mickelson and Evenson, 1975; Farrand, 1970) , as reviewed in this paper. The delineation of the Two Rivers Till (and its equivalents) shown here reduces the extent of the post-Twocreekan readvance by nearly 175 km along the axis of the Lake Michigan basin and precludes its correlation with either the type-Valders Till or the red tills occurring south of Two Rivers, Wisconsin and Manistee, Michi-!wOur reduction of both the postTwocreekan advance and the Twocreekan retreat (Fig. 2) defines a post-Twocreekan advance of approximately 125 km. The climatic and glaciologic implications of this revision are discussed below.
As the ice retreated from the Two Rivers Till limit, the local center of glacier outflow apparently shifted from the Lake Michigan trough to the eastcentral Lake Superior basin as shown by Wright (1971b) and Saarnisto (1974) . According to Saamisto (1974) , ice from this source occupied the northwesternmost portion (Figs. 1 and 2 ) of the Lake Michigan basin approximately 11,000 B.P.
Specifically, the ice-front was standing at the Sands-Sturgeon moraine (Martin, 1955) at the north end of Green Bay at that time.
With retreat from this ice position, the Lake Michigan basin became ice-free and its history from this point is recorded by a series of glacial lakes which are not the subject of this report.
INTERPRETATION AND REVISION OF NOMENCLATURE
Our revision of the deglaciation history of the Lake Michigan basin necessitates a reappraisal of the relative importance of some well-known late-glacial events. As shown in Fig. 2 , the amount of retreat during the Cary-Port Huron interstade (ca. 400 km) far exceeds that during the Twocreekan time (ca. 120 km), and the post-Twocreekan (Two Rivers) advance has been reduced by over 17.5 km. Therefore, in place of the previously assumed major deglaciation (Twocreekan time) followed by a major readvance (Valderan time), we have evidence of a gradual retreat from the Port HuronShorewood limit with only a minor readvance in post-Twocreekan time. No subsequent readvance in this series was as extensive as the preceding ones. This change in the interpretation of the mode of deglaciation may obviate the necessity for the surge hypothesis in the Lake Michigan basin (see Wright, 1971b Wright, , 1973 Prest, 1970 If Saarnisto's (1974) interpretations are correct, 11,000 B.P. would be considerably too young for the end of the Twocreekan.
The name "Valderan" was taken for the post-Twocreekan
Substage from the Valders Till of Wisconsin by Frye' and Willman (1960) under the then accepted assumptions that all young red tills in the area were the same age; therefore, it was logical to assume that. the red till over the Two Creeks forest bed was Valders till, However, we have shown that there are pre-and post-Twocreekan red tills over the Two Creeks forest bed. The name "Valders Till" is now restricted to the pre-Twocreekan substage (Woodfordian) (Evenson, 1973a, Evenson and Mickelson, 1974; Mickelson and Evenson, 1975; Evenson et al., this report have come to be associated with the readvance (or surge) to the red till limit near Milwaukee, Wisconsin, and Muskegon, Michigan; this would be misleading if the term "Valderan" were retained to include only the Two Rivers Till and its equivalents which occur nearly 125 km north of Milwaukee and Muskegon.
The term "Greatlakean" is selected because of its regional connotation, which appears appropriate for a timestratigraphic unit.
It was during the Greatlakean
Substage that the modern Great Lakes evolved. to approximately their present configuration.
In keeping, with our intent to rename rather than redefine the "Valderan"
Substage, we retain with substitutions Willman and Frye's (1970) basic definition of the rock-stratigraphic basis for the substage. In the definition of the base of the substage, the term "Two Rivers Till" is substituted for "Valders Till? (see above). Frye and others (1968; and Willman and Frye, 1970) define the top of the Valderan as "the top of the Cochrane . till and its contact with overlying thin discontinuous post-Cochrane deposits in the James Bay Lowland of Ontario, Canada (Hughes, 1956, p. 5; 1965 (Hughes, 1965, p. 545) whereas the upper boundary of the glaciolacustrine sediments has not been described. Thus, the rock-stratigraphic basis for the top of the Greatlakean is the top of Cochrane till and its contact with overlying thin discontinuous glaciolacustrine deposits in the James Bay Lowland of Ontario, Canada.
We have substituted the term "glaciolacustrine" for "postCochrane" but otherwise retain the definition of Frye and others (1968) .
The type locality for the top of the Greatlakean is at the type locality for the Cochrane Formation as described by Hughes (1965, p. 544-546) .
This places the end of the Greatlakean
Substage at approximately 7000 radiocarbon years B.P. according to Willman and Frye (1970) and at greater than 8275 radiocarbon years B.P. according to Hughes (1965) .
Thus, the absolute age of the end of the Greatlakean at its.type locality is approximate at best. The Greatlakean is the last substage of the Wisconsinan Stage and is, according to Willman and Frye (1970, p. 126) , followed by the Holocene Stage, a concept with which we agree. A review of the recent literature demonstrates that there is no clear consensus as to the age and definition of the beginning of the Holocene Stage. Various authors have placed the boundary "within nearly every millenium from 18,000 to 4000 years ago" (Hopkins, 1975 Hopkins, 1975; Fairbridge, 1974; Morner, 1973) . Thus, the Greatlakean-Holocene boundary (Pleistocene-Holocene) as defined in the Great Lakes area is, apparently, somewhat younger than that favored for the worldwide reference boundary.
We consider the Greatlakean Substage and all other units of this rank or lower (i.e., Woodfordian, Twocreekan) in the Great Lakes region as a Local Chronostratigraphic Unit, as defined by the International Subcommission on Stratigraphic Classification (1970; Article VII-H) and apply the term as discussed in Article VII-I. The GreatlakeanHolocene boundary is a regional boundary (see Terasmae, 1972) and is proposed for the Great Lakes region of the United States and Canada. No attempt is made by us to define "a reference boundary in terms of an international stratotype with a worldwide validity as the chronostratigraphic boundary between the chronostratigraphic units "Pleistocene" and "Holocene" as described by Terasmae (1972) .
When defined formally, and if the age of 10,000 radiocarbon years is accepted, the worldwide Pleistocene-Holocene time-stratigraphic boundary will likely occur within the local time-stratigraphic Greatlakean Substage (Fig. 2) . This is acceptable (Article VII-I, International Subcommission on Stratigraphic Classification Report No. 4, 1970) as local time-stratigraphic units based on rock-stratigraphic units representing for the most part glacial-climatic events can hardly be expected to be synchronous on a worldwide basis.
PALYNOLOGY Our interpretation
of the pattern of deglaciation in the Lake Michigan basin may allow us to resolve some of the problems associated with the interpretation of the late-glacial palynological record.
Pollen analysts have long been tantalized, as well as frustrated, by the presence of the well-dated Two Creeks forest horizon. At first, this stratigraphic sequence was regarded as the New World equivalent of the European Allerdd (Andersen, 1954) . Wiggles in the pollen curves in the lower part of late-glacial pollen diagrams were related to vegetation response to the. hypothetical climate deterioration that caused the ice advance to the then assumed post-Twocreekan limit at the latitude of Milwaukee and Muskegon (Fig. 1) . Then Broecker and Farrand (1963) demonstrated that the Two Creeks interval predated the Allerdd, and Cushing (1967) and Davis (1967 Davis ( , 1969 marshalled compelling evidence that late-glacial pollen fluctuations indicated progressive deglaciation with no major reversals in the northward movement of plant communities.
This led pollen workers to invoke nonclimatic causes for the supposed major readvance to the Milwaukee-Muskegon area (surging, Wright, 1971b) and to challenge the completeness and/or the sensitivity of the pollen record (e.g., Saamisto, 1974) . Our model of deglaciation (Fig. 2) The Disterhaft site was resampled for radiocarbon material; the top of the spruce zone was dated at 11,150 f 160 B.P. (WIS-441) (Bender et al., 1971, p. 479) , which agrees well with other determinations of this pollen zone boundary in the region (Wright, 1971a) . At the Seidel Lake site the transition from a spruce-herb to a spruce-alder-fir assemblage is now dated at 11,620 + 110 (WIS-641, Bender et aL, 1975, p. 131) .
A number of events must have taken place during the time between the destruction of the Two Creeks forest and the beginning of the pollen record at the Seidel site. Two Rivers ice had blocked northward drainage from Lake Michigan and drowned the Two Creeks forest by 11,850 B.P.
The Two Rivers ice continued its advance to a position within the .basin just south of Two Rivers, Wisconsin, depositing till over the lakesediment-covered Two Creeks horizon. The Two Rivers ice then retreated, exposing the Seidel site south of Kewaunee, Wisconsin. Presumably time was required to melt a block of Two Rivers ice to form the Seidel Lake depression by 11,620 B.P. By this reasoning, we conclude that the Two Rivers ice was present in the Two Creeks area for but a fraction of the time during this brief interval.
SUMMARY
(1) Our conclusions regarding ice-front positions during both ice advances and retreats necessitates reappraisal of the relative importance of some well-known late-glacial events and suggests a new pattern of deglaciation for the Lake Michigan basin. Most authors of the past 20 years have reported a rather regular retreat from the Lake Border moraines, with a minor oscillation marked by the Port Huron moraine(s) and then an extensive Twocreekan Substage deglaciation followed by a major post-Twocreekan advance (formerly Valders). We emphasize the major oscillation between the times of the Lake Border and Port Huron moraines, followed by a gradual retreat from the outer Port Huron limit (Shorewood till, Fig. 2 ) interrupted by a minor standstill (Inner Port Huron-Manitowoc), a retreat (Twocreekan) and readvance (Two Rivers). No Woodfordian or younger readvance was as extensive as had been the preceding one. This interpretation may explain the apparent lack of a major postTwocreekan readvance in other parts of the country and may also argue for a normal, climatically controlled deglaciation rather than surging as previously suggested. Wright's (1971) arguments for surging in the Lake Michigan basin were very logical when presented, for they were structured around the thenaccepted 320-km post-Two Creeks ("Valders") readvance.
(2) We show that the post-Two Creeks ice advance was neither as extensive in time nor in space as was originally believed.
It may never be possible by the radiocarbon technique to correlate between sites such a short interval as the Two Rivers advance (Evenson and Mickelson, 1974 
